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Tevatron B-Physics—Overview

Run Il B-Physics results
Lifetime (B, BY, BY, B, Ag, ...) measurements
Mixing (BY, BY) measurements
Branching ratios (B?S> — utu~X,BY — DD, ...)

Spectroscopy (B., B, B, BXY), ...)
Production properties (cross sections, etc.)

This presentation will focus on B, system
Mixing: Amg
Lifetime difference: AI'g and ¢,
Mixing-induced C'P violation: A%,

Direct C' P violation: Acp(Bs — K~ nt)
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Tracking Muon
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Solenoid B-Field

Without LO: épr/

With LO: 5pT/pT

2T
PT = 0.024pT

— 0.0215 pr

D@ Detector

D@ triggers on muons

Large muon acceptance

Silicon vertex detector—recently
added additional inner layer (LO)
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Level 1 track trigger

Level 2 impact parameter and
secondary vertex trigger

Trigger on both leptonic and
hadronic modes

CDF Detector

Tracker radius: 1.0 m
Solenoid B-Field: 2 T

pr resolution: %? = 0.0015 pr

Particle ID: ¢ & TOF
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The B, System

Time evolution of B, (Flavor Eigenstates)

. d (1B](t)) l |B)(t))
—i— — (M+-T)( =8
ar (BS(t» T2 ) B
CPT = My = My, and I'y; = I'99
Hermiticity = Mo = M3, and I'io =I'5;
Mass eigenstates (equal C'P eigenstates if ¢/p = 1)
|Br) = p|B{) + q|BY)
|Br) = p|BY) — q|BY)

C'P violation in mixing if |¢/p| # 1
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Mixing—Overview

Since Mass and Flavor eigenstates not equal, flavor states
can mix.

Requires mass of eigenstates to differ (Am, # 0)
Mass eigenstates can have different lifetimes (AL, # 0)
Standard Model expectation Am, > Al

1 I'q AFq

punmixed (1) = §I’q e 2t [cosh (2t> + cos (Amqt)]

where ', = Letle the average of the decay widths of
the two mass eigenstates.
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Exp. gives AT, < Am, which implies |T'15| < | M|
then Amg ~ 2| M| & AT's ~ 2|I"12| cos ¢ps = Al'cp cos ¢
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Mixing—Overview

Mixing requires a |AB| = 2 transition (B" — BY)

b (u7 C, t) q b %% q
W§ § W (u, c, 1) (u,c,t)
q (u, ¢, t) b q W b

Amplitude is o |V}, V4| because of large t-quark mass

Amplitude o< 3~ Sy <]\ZL;V)
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Mixing—Event Sample

Hadronic (CDF) and Semileptonic (CDF & D@) samples

Start by selecting Df — ¢(K+ K~ )nt, K*°K*, rta—n*t

Hadronic sample (8700): BY — Dfn~, Dfn—wta™
Selection uses ANN & kaon-id (TOF & dF /dx)
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Frequency per 0.2 ns

dF /dx in Drift Chamber

CDF Run II Preliminary
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Semileptonic sample

(61500):
Bs — DY(~

(LIS e or 1)

CDF Run Il Preliminary L=1fbt
2000 - data
N F— fit
LQ T——
S |71 B, signal
% 1500 |- false lepton & physics
O ] comb. bkg.
™ i
) - ; ;
21000+ ! b
3 - )
Q i
@® L
S i 7
2 500 \
I | S
(&) | Y iz
L s ;;//Q/g 7
- / /I// //f/ //?/ //?/ 3;:/’./.
3

BSAIDS(()(pr[);(

+

@1 -I mass [GeV/cz]

Semileptonic Lifetime

Proper decay time resolution [fs]

CDF Run Il
i allB? ~ DO lv
101 2.0 <mp,<3.1 GeV/c?
R 43<my <45 GeVvic? ]
=S 49<my <51Gevic® |
3 L = o
> Lo BS - DST[
55 — BY - D
o
S
s |
$“ s L ) L
0.4 0.6 0.8 1.OB
_ ~Reconstructed;, . °s
K=pr Ipr
CDF Run I
800: -------- @ - DY 1v,2.0< mp, < 3.1 GeV/c?
Lo BY o DY 1V, 4.3 <my < 4.5 GeV/c?
[ s B2~ D0 Iv, 4.9 <my <51 GeV/cz"
600 ‘D e

400

200

Proper decay time [ps]

Mixing—Event Sample

Aspen 2007 — p. 11/25



Mixing—Flavor Tagging

Mixing requires measurement of initial and final state flavors
Final state tagging examples

B! — Dfu v, B} — Dfn™

S S

Initial state: opposite or same side charge

vertexing (same) side , _
Opposite-side Tag (OST): K, 4,
\}\i asn e Jet-charge in NN
*__’" Same-side Tag SST: K in NN

“opposite” side

Lip ! 0, ::_ (1.8+£0.1%  comb. OST
.. QO =¢eD?={ 3.7+0.9% semileptonic SST
¥ F]
\ 4.8 4+1.2% hadronic SST
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CDF: ~1fb~"
Amg = 17.77 £ 0.10 & 0.07 ps—*
Via/Vis| = 0.2060 = 0.00075 0056

DG~ 1!
17 < Amg < 21 ps—t @ 90% CL,

SUEIOROROROROERCIES

with 19 ps~! most probable value

, CDF Run Il Preliminary L=1.0fb*
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AI' .—Overview

Presentation concentrates on D@ analysis

Lifetime of mass eigenstates not expected to be equal

AT, /T, expected to be small, but since Amg > Amy
might expect AIl'y/T's > Al'y/T'y
SM predictions:

ATy /Ty~ 001 AL, /T, =0.12+0.06

Mixing-induced C'P violating phase (AI' = Al'cp cos ¢y)
given by

ips — VisVip VI Ver ~
et =i viy, = s~ —0.03
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AI's—Analysis

Must separate the two mass eigenstates
These are the C'P even and odd states for small ¢,

1

B = (1B +|B)] P ode
BL — % |B,) - |B;)]  CPeven

Use B, — J/v¢ wifinal state J = 0 since J/v¢ & ¢ have
S=1this=/¢=0,1,2 (S, P, D wave)

S& D= CPeven

P = CP odd
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[Goal IS to disentangle different /¢ states]
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AT, Analysis

Transversity Angles Use Bs — J/v¢

- ﬂ+ Use transversity angles—Separates
odd parity states nicely

Work in J /4 rest frame

Z

KT K~ defines z-y plane

O, ® are T polar, azimuthal
angles, ¥ helicity angle of KT

Angular Distribution Bg

dAPp
dpdt

X f(ﬁat;AOaAJ_7A||751a527¢S)

7= (0,,0)
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C' P Asymmetry

DY measurement of mixing-induced C'P asymmetry Agr,
and phase ¢, —Flavor specific final states.

Measure untagged time-integrated muon asymmetry
Exclusive mode B; — D} (¢n )uTvX

N(Dsu*) — N(Dgp™) _ s AT
N(Dsp™) + N(Dsp™) ot Amg

tan ¢

Inclusive mode pp — u*u™® (Like-sign asymmetry)

_) = 2Agr (untagged)
po)

Both measurements use similar analysis methods

Aspen 2007
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C' P Asymmetry

Systematics: Various detector & physics processes can
cause an asymmetry.

Data split into 8 sample: split by sign of charge (q),
rapidity (), toroid polarity (53)

Fit eight functions for 8 parameters

1
ng'y — ZNeﬁ(l + qA)(1 + gvAsm)(1 + vAdet)
X (1+qBvAr0)(1+ qBA4) (1 + ByAp,)
ni7: number of events in sample (given)

A: asymmetry from CP violation in By mixing
A... detector and beam asymmetries
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Detector Asymmetries—Examples

Asymmetry wi/toroid polarity 5: A” = A + BA,zs (first order)

Beam & detector asymmetries: f(né”) = A+ AppAder
(second order)

SUEIOROROROROERCIES

/u'\ < CP— ,/d+ /«'* f/MJF
@B me;gngt \@B
IRV VA
|| B ’ Pl B ' A,,. Change Iin detector
fomar J forvard acceptance and range out
PNy p o= ,#  of muons in bending toward
LB magnet ¥B (away) from beamline
InvalE:: TRVl
P P Pl p
®©B @B
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C' P Asymmetry—Results

Inclusive mode pp — p*u™* (Like-sign asymmetry)

A = —0.0005 + 0.0013 Asz = —0.0028 % 0.0013 £ 0.0009
SA = —0.0023 4+ 0.0008 Combine with B-Factories to extract Ay,

§ A asymmetry from K+ decays: K+ N — hyperon, does not exist
for K.

Exclusive mode B, — D (o7 )utvX

DO Run Il Preliminary

BY - D,uvX  X?ndf =66.2/45

O C
16000 [—
e -
(@} -

=

¢ = 0.0245 4 0.0193 4 0.0035

w —
#4000

3000}

Combine with AT’ and Am to ex-
tract ¢;.

Aspen 2007 — p. 21/25



Direct C'P Violation

CDF measures B,y — hh' (recent result on B,y — K~ 77)

Standard Model predicts for By — K~ n"

[A(Bs — 7" K7)]* = |[A(Bs — 7~ KT)|”
— |A(By — 7T K7)? = |A(Bg — 7~ K1))?

Direct C'P violation in B; measured by BaBar, Belle, CDF

Direct C'P violation requires amplitudes with different strong
and weak phases (this mode dominated by penguin diagram)

Expected only in the SM (new physics would have hard time
accommodating this result)

®
po
®
po
®
po
®
po
®
po
®
po
®
po

Asymmetry can be used to measure CKM angle ~

©/®
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Trigger on pair of opposite charge
tracks with displaced vertex

Impose isolation
Assume tracks are pions

Likelihood to separate modes (In-
cludes particle ID, piot, M;;, Signed
momentum imbalance («))

CDFII Monte Carlo
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Direct CP Violation
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Direct CP Violation

First observation of B, — n+ K~ with significance of 8.20

Acp(Bs — 77 K~) =0.39 £ 0.15 + 0.08
Comparison to B; —consistent with SM

|A(Bg — 7t K7)? — |A(Bg — = K)J?
[A(Bs = mt K7)? = |A(Bs — 7= K)|?

= 0.844+£0.42 £0.15

B, previously measured by BaBar, Belle, CDF
Branching ratio B(BY — K~7") = (5.0 £ 0.75 £ 0.36) x 107
SM Prediction: B(BY — K~ 7n7) = 4.9 x 1079

S

World average: B(BY — K+tn~) = (19.7 4+ 0.6) x 107°
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Summary

This talk has concentrated on B, decays, but the Tevatron has
produced a large number of other B-physics results.
CDF measures BY-BY
Amg = 17.77 4+ 0.10 £ 0.07 ps—!

D@ measures Al and ¢
Ay = 0.17+£0.094+0.03 ps~ ! & ¢ = —0.79+ 0.56 £ 0.01

DY measures semileptonic decay asymmetry
Exclusive mode: A%, = 0.0245 £ 0.0193 £ 0.0035

Inclusive mode: Ag;, = —0.0028 £ 0.0013 £ 0.0009

CDF measures direct CP violation in B, — K~ 7"
Acp(By — 1T K~) = 0.39 £ 0.15 4 0.08
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